The conditions of correct solvability of multipoint nonlocal problem for factorized PDE with coefficients in conditions, which depend on one real parameter, are established. It is shown that these conditions on the set of full Lebesgue measure of the interval parameters are fulfilled.
Let T p denote the p-dimensional torus (R/2πZ) p , T > 0, Q T p = (0, T) × T p , Π n = {λ = (λ 1 , . . . , λ n ) ∈ C n : λ i = λ j if i = j}, D x = (−i∂/∂x 1 , . . . , −i∂/∂x p ), k = (k 1 , . . . , k p ) ∈ Z p , |k| = |k 1 | + . . . + |k p |; B(D x ) is differential expression such that
We use the following functional spaces: such that for any fixed point t ∈ [0, T] function
belong to the space H q−jθ , j = 0, 1, . . . , n, and it, as an element of this space, is continuous in t
In the domain Q T p we consider the following problem:
where (λ 1 , . . . , λ n ) ∈ Π n , the real-valued coefficients µ 1 , . . . , µ m depend on parameters τ, τ ∈ I, where I is an arbitrary fixed segment of the line R, t 1 , . . . , t m are the points of the interval [0, T], and 0 = t 1 < t 2 < . . . < t m−1 < t m = T.
Solvability of boundary value problems with multipoint nonlocal conditions for parabolic, strictly hyperbolic, typeless and pseudodifferential equations studied in works [1] [2] [3] [4] [6] [7] [8] [9] [10] .
The problem (2), (3) belong to a class of incorrect problems by Hadamard and its solvability related to the problem of small denominators. In the assumption when the coefficients µ 1 , . . . , µ m are independent correct solvability of the problem (2), (3) follows from the results of [10, §14] . If the coefficients µ 1 , . . . , µ m are dependent, then these results will not be used to proving solvability of the problem (2), (3). It shoud be noted that two-point nonlocal problem for partial differential equation of the n-th order with conditions (3) was investigated in [11] for the case of two-point nonlocal conditions (m = 2).
In the paper we found that the conditions of correct solvability of the multipoint nonlocal problem (2), (3) in the scale of Sobolev spaces are fulfilled for almost all (with respect to Lebesgue measure in the space R) numbers τ ∈ I.
The solution u to the problem (2), (3) has the form of a Fourier series
where function u k (t), k ∈ Z p , is a solution of multipoint nonlocal problem of ordinary differential equations:
Неre, ϕ jk are Fourier coefficients of the function ϕ j (x), j = 1, . . . , n. For each fixed k ∈ Z p let us construct a solution to problem (5), (6) . Since the (λ 1 , . . . , λ n ) ∈ Π n and coefficients B(k) satisfy the condition (1), the equation (5) for each k ∈ Z p has the fundamental system of solutions {e λ 1 B(k)t , . . . , e λ n B(k)t }. Then the general solution of the equation (5) has the form
where constants c 1k , . . . , c nk are determined from conditions (6) with the help of the system of linear equations
Determinant of the system (7) is factorized and represented by the formula
where
Here we denote by W js (λ) the Vandermonde-type determinant obtained from the determinant W(λ) by crossing out j-row and s-column.
Thus, the solution to the problem (5), (6) under the condition
Φ sk (τ) = 0 is unique and has the following form
Conditions for uniqueness of the solution u of the problem (2), (3) follows from the theorem on uniqueness of Fourier expansion of a periodic function and from conditions of uniqueness of the solution u k (t) of the problem (5), (6) for each k ∈ Z p .
Theorem 1.
For uniqueness (at fixed parameter τ) of the solution of the problem (2), (3) in the space C n θ ([0, T]; H q ) it is necessary and sufficient that for all k ∈ Z p
If the condition (9) holds, then the formal solution of the problem (2), (3) is represented by the formula
Expressions Φ 1k (τ), Φ 2k (τ), . . . , Φ nk (τ) influence the convergence of the series (10), which determines the norm of the solution of the problem (2), (3) in the space C n θ ([0, T]; H q ). This is explained by the fact that the denominators Φ 1k (τ), Φ 2k (τ), . . . , Φ nk (τ), k ∈ Z p , although non vanishing by the condition above, can arbitrarily rapidly approach to zero for infinite set of vectors k ∈ Z p . Therefore, the existence of the solution u of the problem related to the so called problem of small denominators.
To solve this problem we use the metric approach [5] to estimations from below of small denominators.
At first, we formulate the corresponding theorem from the work [12] .
where z = (z 1 , . . . , z m ) ∈ C m , and f 1 , . . . , f m ⊂ C m (I; R). If the Wronskian W[ f 1 , . . . , f m ] of the functions f 1 , . . . , f m is not equal to zero on the interval I ⊂ R, then for all z ∈ C m \ {0} and an arbitrary ε ∈ (0, C 1 |z|/2), the following evaluation is valid
where |z| = |z 1 | + . . . + |z m |, positive constants C 1 and C 2 are defined by formulas 
are satisfied for all (except perhaps a finite number) vectors k ∈ Z p for γ > p(m − 1).
Proof. For fixed s we introduce the sets
and the set B s of such points τ ∈ I, for which infinite times on Z p the estimate is true
If z(s, k) = e λ s B(k)t 1 , . . . , e λ s B(k)t m , f j (τ) = µ j (τ) for j = 1, . . . , m, then from Theorem 2 follow the equalities:
for all k ∈ Z p \ {0} and the inequalities are fulfilled
then for each k = 0 by conditions of Theorem 2 we have the following estimation for the measure B s
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meas B s k is majorized by the convergent series
. Then from the Borel-Cantelli lemma follows that Lebesgue measure of the set of points τ from I, which contained into the infinite number of sets B s k , is equal to zero for fixed s. Thus, meas B s = 0 for all s = 1, . . . , n.
Therefore, when γ > p(m − 1) for almost all (with respect to Lebesgue measure in R) numbers τ ∈ I inequality |Φ sk (τ)| ≥ ε k , s = 1, . . . , n, is satisfied for all (except for a finite number of) vectors k. The theorem is proved. Proof. Taking into account, that
on the basis of formula (10) and estimations (1), (11) we obtain the inequality
where M 2 = 2 N 2 n+γ n 3 (n + 1)M 2 1 C 2n 2 |λ| 2n , |λ| = max 1≤s≤n |λ s |. The proof of the theorem is complete.
